
US 20060239294A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2006/0239294 A1 

Wogsberg (43) Pub. Date: Oct. 26, 2006 

(54) CAPTURE NODE FOR USE IN AN 
AUDIOVISUAL SIGNAL ROUTING AND 

Publication Classi?cation 

DISTRIBUTION SYSTEM (51) Int- Cl 
H04J 3/16 (2006.01) 

(75) Inventor; Eric Wogsberga San Leandroa CA (Us) (52) US. Cl. ............................................................ .. 370/466 

(57) ABSTRACT 
Correspondence Address. An audiovisual signal is converted from a native format to 
JAMES D IVEY a digital, packetiZed interchange format and transported 
3025 TOTTERDELL STREET between a capture node and a display node through a sWitch. 
OAKLAND, CA 946114742 (Us) The display node converts the audiovisual signal from the 

interchange format to a displayable format and causes 
display of the audiovisual signal. The use of a sWitch for 

(73) Assignee; Jupiter systems video routing and distribution alloWs one-to-one, one-to 
many, many-to-one, and many-to-many distribution. The 

(21) App1_ NQ; 11/111,158 use of a device-independent interchange format alloWs con 
current distribution of multiple heterogeneous audiovisual 

(22) Filed: Apr. 20, 2005 signals. 

AUDIOVISUAL SIGNAL CONVERTER 204 

DIGIIIED FRAME RE-FORMATI'ER CURRENT PREVIOUS 
PIXEL LINES FRAME FRAME 
FROM 202 602 604 I 606 

VIDEO 
INTERCHANGE 

FORMAT 
CHARACTERISTICS 

FROM 206/203 - 

HEADER SCAN LINE PACKER 
PACKER 

608 
610 ' 

DIGITAL AUDIO AUDIO PACKER OUTGOING 
‘CONTENT FROM HIT-STREAM 

202 614 612 

T0206 



Patent Application Publication Oct. 26, 2006 Sheet 1 0f 9 US 2006/0239294 A1 

DISPLAY NODE 104 

'108 

o \ FIGURE 17 

CAPTURE NODE 102 



Patent Application Publication Oct. 26, 2006 Sheet 2 0f 9 US 2006/0239294 A1 

m mmzwi 

ENV 

Q2 55% Emma j 8” 909 Emma 
an 15:85am #5852 ms . ms 

E8228 
, L. 25% $556 2859? 

§ 302 25a 

NEE; zomkoh QN/L ‘ 

A|_ ?Ew>z8 22% 259552 Q8 , 

N8 N2 N82 5556 



Patent Application Publication Oct. 26, 2006 Sheet 3 0f 9 US 2006/0239294 A1 

$13.2". XE. QSTK 
258 f 258 

mwzéo?z a.‘ ‘ woz?wg 

80s 255a ./m§ 3?) <8‘ M25550 
8% was: 92 $5556 mm 55 $2505 

E885 552 a? . r . ~91 N2 502 mnoz 
Y 255 0 $215 









Patent Application Publication Oct. 26, 2006 Sheet 7 0f 9 US 2006/0239294 A1 

2. MEDUE 

82 msEE . mDOSmWE 

838 20$ 

82 E 85505? 
\ msém E58 . .Emmmzo woz<:umm=z_ 

89> 

as 

as A i “s 20% 

_ .. SEEEm 
4| @258; . 

mwgm m2: 26w 

.9 $558 .2205 155052 



Patent Application Publication Oct. 26, 2006 Sheet 8 0f 9 US 2006/0239294 A1 

2. mm: CE 

3F . wooz 

32 ESE. 2:. 

ma. W82 

E356 / =5 x 

moi 



Patent Application Publication Oct. 26, 2006 Sheet 9 0f 9 US 2006/0239294 A1 

aw 

‘FIGURE 13 

FIGURE 12 



US 2006/0239294 A1 

CAPTURE NODE FOR USE IN AN AUDIOVISUAL 
SIGNAL ROUTING AND DISTRIBUTION SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This Application is related to the following com 
monly-assigned and co-pending US. Patent Applications: 
(i) US. patent application Ser. No. 10/ , entitled “A 
Display Node for Use in an Audiovisual Signal Routing and 
Distribution” (Attorney Docket P-2307 D2) and (ii) US. 
patent application Ser. No. 10/ , entitled “Audiovisual 
Signal Routing and Distribution System” (Attorney Docket 
P-2307 D3), both of Which are ?led on the same date as this 
Application and the teachings of Which are incorporated 
herein by reference. 

FIELD OF THE INVENTION 

[0002] This invention relates to the ?eld of audiovisual 
signal routing and distribution systems, and more speci? 
cally to a particularly e?icient and ?exible system for 
routing and distributing audiovisual signals of various dif 
fering formats. 

BACKGROUND 

[0003] A number of high-end video routing and distribu 
tion systems currently exist. One example is the Optima 
system of the AutoPatchTM division of XN Technologies, 
Inc. of Cheney, Wash. This con?gured system can handle 
many different types of audio and video signals. 

[0004] Such video routing and distribution systems, some 
times referred to as video sWitches, are lagging behind the 
introduction of an ever increasing variety of available video 
formats. Conventional video sWitches support a number of 
available video formats but cannot, as a practical matter, 
support all video formats since the variety of video formats 
is groWing at an increasing rate. Aside from the standard 
television formats, NTSC, PAL, and SECAM, video formats 
can be analog or digital, interlaced or progressive scan, 
various resolutions, various aspect ratios, various frame 
rates, etc. Analog formats include composite video, S-video, 
YUV, and RGB, for example. Digital formats include DVI, 
DVI+HDCP, HDMI, SDI, and HD-SDI, for example. Cur 
rently used video resolutions include 640x480, 800x600, 
1024x768, 1280x1024, 1280x720, 1400x1050, 1600x1200, 
1920x1080, and 2048x1536, for example. Currently used 
aspect ratios include 4:3, 5:4, and 16:9, for example. And 
currently used frame rates include 24 HZ, 25 HZ, 29.97 HZ, 
30 HZ, 50 HZ, 59.94 HZ, 60 HZ, 72 HZ, and 85 HZ, for 
example. 
[0005] Various combinations of these and other.param 
eters of video signals can number in the hundreds, perhaps 
thousands, and neW formats are being added With surprising 
frequency. Even if a video sWitch could feasibly support all 
such currently-implemented formats, the apparently inevi 
table introduction of a neW format Would immediately 
render such a video sWitch incomplete as the neW format 
Would not be supported. 

[0006] Besides the impossible task of supporting all cur 
rently available video formats and any neW ones that might 
be adopted in the future, current video sWitches have other 
disadvantages. For example, While current video sWitches 
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can send one incoming video signal to multiple destinations, 
current video sWitches lack the ability to send multiple input 
audiovisual signals to the same output device (e.g., picture 
in-picture or picture-beside-picture), to process audiovisual 
signals of different formats simultaneously, and to receive an 
audiovisual signal of one format and deliver the audiovisual 
signal to a display device in another format. 

[0007] What is needed is a particularly ef?cient and ?ex 
ible audiovisual signal routing and distribution system that 
can handle multiple input signals of various formats simul 
taneously and that can receive an audiovisual signal of one 
format and deliver the audiovisual signal to a display device 
in ma different format so that any received signal can be 
displayed on any attached display device. 

SUMMARY OF THE INVENTION 

[0008] In accordance With the present invention, a capture 
node and a display node cooperate to transport an audiovi 
sual signal in a digital, packetiZed interchange format. The 
capture node captures the audiovisual signal in its native 
format and converts the audiovisual signal to the interchange 
format. The capture node sends the audiovisual signal in the 
interchange format to the display node. The display node 
converts the audiovisual signal from the interchange format 
to the best displayable format for its attached display device 
and causes the audiovisual signal in the displayable format 
to be displayed. The capturing, transportation, and display of 
the audiovisual signal happen in real time. 

[0009] The capture node and the display node cooperate to 
select a highest quality interchange format from a number of 
mutually supported interchange formats Without exceeding 
the bandWidth available in the data connection betWeen the 
capture and display nodes. To minimiZe excessive use of 
bandWidth, the interchange format generally includes no 
modi?cations to the native format that Would increase the 
data rate of the video signal. In other Words, the selected 
interchange format is the highest quality interchange format 
of the mutually supported interchange formats that does not 
exceed the available bandWidth allocated to the audiovisual 
signal. As a result, only processing that reduces the data rate 
of the audiovisual signal is performed by the capture node. 
Any necessary processing that Would increase the data rate 
of the audiovisual data stream is performed by the display 
node after the audiovisual data stream has passed through 
the data connection and data rate is no longer a limitation. 

[0010] Consider for example that the capture node cap 
tures a video signal With frames of the siZe 1024x768. If the 
targeted display device displays frames of the siZe l600>< 
1200, increasing the frame siZe at the capture node Would 
increase the data rate since more pixels Would be required to 
represent frames of the siZe 1600x1200. Accordingly, such 
frame upscaling is performed by the display node, thereby 
avoiding excessive data rate and excessive consumption of 
communications bandWidth. Conversely, if the display node 
displays frames of the siZe 640x480, the reduction in frame 
siZe Would reduce the data rate and the frame doWnscaling 
is therefore performed by the capture node. Since the frame 
siZe is to be reduced With an attendant degradation of video 
quality regardless, having the capture node rather than the 
display node perform the frame siZe reduction reduces the 
data rate of the video signal as transferred from the capture 
node to the display node, thereby reducing consumed band 
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Width Without any sacri?ce of video signal quality in the 
eventually displayed video signal. 

[0011] To select the interchange format, the capture and 
display node exchange information regarding interchange 
formats supported by each. Proposals of the interchange 
format are exchanged, can be rejected, can be countered, and 
one is eventually accepted by both the capture node and the 
display node. 

[0012] By using a digital interchange format, the audio 
visual signal can be packetiZed and routed and distributed 
through a conventional digital packet sWitch. SWitches sup 
porting gigabit/second and higher throughput rates are 
becoming increasingly available and affordable. At these 
high data rates, a Wide variety of audiovisual signals can, be 
handled Without use of lossy compression. 

[0013] In addition, such sWitches support one-to-one, one 
to-many, many-to-one, and many-to-many routing mod 
elsia signi?cant improvement over just the one-to-one and 
one-to-many models supported by currently available video 
sWitches. 

[0014] Another signi?cant advantage is that of heteroge 
neous video distribution. There is no requirement that the 
native format received by the capture node and the display 
able format produced by the display node be the same. In 
fact, conversion to and from the agreed-upon interchange 
format makes format conversion betWeen the source and the 
display quite simple and almost incidental. In addition, the 
heterogeneous nature of the audiovisual signals distributed 
in this manner applies across multiple video sources and 
multiple displays. In particular, a single sWitch can route 
audiovisual signals of various and different native formats to 
display devices requiring various and different displayable 
formats. 

[0015] Another signi?cant advantage is the adaptability of 
this system. If a neW native format is created and routing and 
distribution of audiovisual signals of this neW native format 
is desired, a neW capture node supporting the neW native 
format and the same negotiated interchange formats is 
created. No modi?cation to any other capture nodes or any 
display nodes is required, since interchange formats are 
negotiated in the same manner, producing an interchange 
format accepted by pre-existing display nodes. Similarly, 
support for a neW displayable format requires no modi?ca 
tion to any capture node or any pre-existing display nodes, 
only the creation of a neW display node that supports the 
negotiated interchange formats and the neW displayable 
format. 

[0016] Another signi?cant advantage is the ease of instal 
lation. Since the audiovisual signal is routed as a packetiZed 
digital signal, conventional, convenient, and inexpensive 
copper digital cables (such as Cat5, Cat5E, and Cat6 UTP) 
or ?ber optics can be used. 

[0017] Another signi?cant advantage is that high quality 
video and high quality multi-channel sound can be carried 
on a single cable, greatly simplifying installation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a block diagram shoWing a video stream 
distribution system in accordance With the present invention. 
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[0019] FIG. 2 is a block diagram of a capture node of 
FIG. 1 in greater detail. 

[0020] FIG. 3 is a block diagram of a display node of FIG. 
1 in greater detail. 

[0021] FIG. 4 is a transaction ?oW diagram of the trans 
port of an audiovisual signal in an interchange format in 
accordance With the present invention. 

[0022] FIG. 5 is a logic ?oW diagram of the selection of 
an interchange format in accordance With the present inven 
tion. 

[0023] FIG. 6 is a block diagram of the audiovisual signal 
converter of FIG. 2 in greater detail. 

[0024] FIG. 7 is a block diagram of an outgoing bit-stream 
of FIG. 6 in greater detail. 

[0025] FIG. 8 is a block diagram of a frame header packet 
of FIG. 7 in greater detail. 

[0026] FIG. 9 is a block diagram of a scan line packet of 
FIG. 7 in greater detail. 

[0027] FIG. 10 is a block diagram of the audiovisual 
signal converter of FIG. 3 in greater detail. 

[0028] FIG. 11 is a block diagram shoWing a video stream 
distribution system involving multiple capture nodes and 
multiple display nodes and a sWitch in accordance With the 
present invention. 

[0029] FIGS. 12 and 13 each shoW a display device With 
a partitioned screen Which can display multiple video signals 
simultaneously. 

DETAILED DESCRIPTION 

[0030] In accordance With the present invention, a capture 
node 102 (FIG. 1) and a display node 104 cooperate to 
transmit an audiovisual signal from a video source 106 to a 
display device 108 according to one or more digital audio 
visual data formats, sometimes referred to herein as audio 
visual interchange formats. Capture node 102 receives an 
audiovisual signal in a native format from source 106 and 
converts the audiovisual signal to a selected video inter 
change format for transmission to display node 104. Display 
node 104 receives the digital audiovisual signal in the 
selected video interchange format, converts the audiovisual 
signal to a displayable format supported by display device 
108, and sends the audiovisual signal in the displayable 
format to display device 108. 

[0031] As used herein, a “node” is any device or logic 
Which can communicate through a netWork. 

[0032] To facilitate appreciation and understanding of the 
folloWing description, the various audiovisual signal formats 
referred to herein are brie?y described. Video source 106 
produces, and capture node 102 receives, an audiovisual 
signal in a “native format.” The native format can be analog 
or digital. 

[0033] Display node 104 produces, and display device 108 
receives and displays, an audiovisual signal in a “display 
able format.” The displayable format can be analog or digital 
and can be the same as the native format or different from 
the native format. The native and display formats are exter 
nal constraints and de?ne the task to be performed by 
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capture node 102 and display node 104. In particular, an 
audiovisual signal from video source 106 is to be displayed 
by display device 108 With as little loss of signal ?delity as 
possibleithat is the task of capture node 102 and display 
node 104. 

[0034] Capture node 102 sends, and display node 104 
receives, the audiovisual signal in an “interchange format” 
through data connection 110. Interchange formats are digi 
tal. Capture node 102 and display node 104 can each support 
multiple interchange formats. In a manner described beloW, 
capture node 102 and display node 104 cooperate to select 
a particular interchange format, referred to as the “selected 
interchange format” by Which capture node 102 and display 
node 104 transport the audiovisual signal through data 
connection 110. 

[0035] As described above, capture node 102 captures the 
audiovisual signal from video source 106. Capture node 102 
represents the captured audiovisual signal in a digital form 
that is an interchange format that most accurately represents 
the audiovisual signal in the native format. The format of the 
captured audiovisual signal is sometimes referred to as the 
“native interchange format.” The native interchange format 
is the interchange format preferred by capture node 102. 

[0036] As described above, display node 104 produces the 
audiovisual signal in the displayable format for display by 
display device 108. Display node 104 produces the audio 
visual signal in the displayable format from an interchange 
format Which most accurately represents the displayable 
format, and this interchange format is sometimes referred to 
as the “displayable interchange format.” The displayable 
interchange format is the interchange format preferred by 
display node 104. 

[0037] Thus, the overall audiovisual signal How is as 
follows: Video source 106 produces the audiovisual signal in 
the native format. Capture node 102 captures the audiovisual 
source into the native interchange format and sends the 
audiovisual signal through data connection 110 in the 
selected interchange format, converting the audiovisual sig 
nal from the native interchange format to the selected 
interchange format if the tWo are different from one another. 
Display node 104 receives the audiovisual signal and con 
verts it into the displayable interchange format if the dis 
playable interchange format is dilferent from the selected 
interchange format. Display node 104 converts the audio 
visual signal from the displayable interchange format to the 
displayable format for playback by display device 108. 

[0038] The capture, conversion, sending, receipt, conver 
sion, and display of the audiovisual signal all happen in real 
time. As used herein, “real time” means that an insubstantial 
amount of time is required for the audiovisual signal to 
travel from video source 106 to display device 108 from a 
human user’s perspective4e.g., no more than a feW sec 
onds. It is generally preferred that this amount of time is 
minimized, but the term “real time” is considered applicable 
so long as the audiovisual signal presented by display device 
108 appears to be reasonably immediately responsive to a 
human user’s control inputs into video source 106. To 
transport the audiovisual signal in real time, the capture, 
conversion, sending, receipt, conversion, and display of the 
audiovisual signal all happen concurrently. 

[0039] It should be noted that the native format generated 
by video source 106 can be different from the displayable 
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format required by display device 108. As long as there is a 
common interchange format supported by both capture node 
102 and display node 104, any format received by capture 
node 102 can be displayed in any format produced by 
display node 104. Capture node 102 and display node 104 
are coupled to one another by a data connection 110, Which 
is described in more detail beloW. 

[0040] Capture node 102 and display node 104 can be 
someWhat simple in implementation, e.g., as an appliance. 
For example, capture node 102 can support only a single 
native video format, i.e., only the native video format 
produced by video source 106. Similarly, display node 104 
isn’t required to support all knoWn displayable formats, only 
the displayable format required to drive a display on display 
device 108. Other native and displayable formats can be 
implemented by other instances of capture node 102 and 
display node 104, respectively. 

[0041] As described more completely beloW in conjunc 
tion With FIG. 11, data connection 110 can be routed 
through a sWitch 1102, alloWing multiple capture nodes and 
multiple display nodes to be interconnected. An interesting 
system as shoWn includes three basic capture nodes and tWo 
display nodes. The capture nodes include one for standard 
de?nition television (SDTV) signals, one for high de?nition 
television (HDTV) signals, and one for computer-generated 
progressive scan RGB signals. The display nodes include 
one for interlaced SDTV monitors and one for ?xed format, 
progressive scan, RGB-driven monitors. Since the inter 
change formats are digital and packetiZed, audiovisual sig 
nals can be routed through sWitch 1102. In a manner 
described more completely beloW, any of the three source 
audiovisual signals can be routed to either of the tWo display 
devices. In fact, any given source signal can be simulta 
neously routed to multiple display devices and any given 
display device can simultaneously receive and shoW mul 
tiple audiovisual signals. 

[0042] The system implemented collectively by capture 
node 102 and display node 104 is therefore particularly 
?exible. In fact, the logic required of capture node 102 and 
display node 104 to implement audiovisual signal inter 
change in accordance With the present invention is suffi 
ciently simple that capture node 102 can be implemented in 
logic embedded Within a video source such as video source 
106 and display node 104 can be implemented in logic 
embedded Within a display device such as display device 
108. 

[0043] The selected interchange format accommodates a 
Wide variety of audio and video signal characteristics to be 
handled. In particular, for the video component of the 
interchange format, the folloWing characteristics are repre 
sented: 

[0044] l. interlaced or progressive scan; 

[0045] 2. number of frames/?elds per second; 

[0046] 3. resolution of each frame/?eld: number of 
pixels per line and number of lines per frame/?eld; 

[0047] 4. Color model: RGB, YCrCb, etc.; 

[0048] 5. ratio of color samples (4:414, 4:212, 4:210, 
etc.); and 

[0049] 6. color depth (bits per color sample). 
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[0050] For the audio component of the interchange format, 
the following characteristics are represented: 

[0051] 
[0052] 2. Sample rate: 32 kHZ, 44.1 kHZ, 48 kHZ, 96 

kHz; 

[0053] 3. Sample depth in bits per sample: 12, 16, 20, 
24; and 

[0054] 4. Encoding: LPCM, companded, compressed: 

0055 Com ression method: MPEGl/Layer I, II, III; P 
AC-3, 

1. Number of channels: 1-8; 

[0056] Companding technique: A-laW, |J.-l2lW. 
[0057] Capture node 102 is shoWn in greater detail in FIG. 
2. Capture node 102 includes audiovisual capture logic 202 
that receives a raW audiovisual signal from an external 
device such as a computer, a camera, a prerecorded video 
player, etc. in the native format. In addition, the raW audio 
visual signal captured by audiovisual capture logic 202 can 
be a raW video signal or a raW audio signal or a combination 
of video and audio. Audiovisual capture logic 202 converts 
the audiovisual signal from the native format to a digital 
representation of the native format in Which pixels are 
organiZed as frames With a frame siZe and frame rate speci?c 
to the native format. Audio portions of the audiovisual signal 
are similarly captured into a series of digital samples. The 
video and audio portions of the captured signals are time 
stamped at regular intervals for synchroniZed playback. This 
digital representation of the native format is sometimes 
referred to herein as the native interchange format. Audio 
visual capture logic generally is knoWn and can include 
signal conditioning elements to capture the signal in its best 
possible form. 

[0058] Suppose video source 106 is a standard de?nition 
video camera producing an analog YUV signal With NTSC 
timing characteristics. Capture node 102 recogniZes this 
format and that there Will be 59.94 ?elds/second, each 
containing 240 vieWable lines. Recognition of various ana 
log video signal formats is conventional and is not described 
further herein. The successive ?elds represent 29.97 frames/ 
second of 480 interlaced lines. The complete, de-interlaced 
frame has an aspect ratio of 4:3. 

[0059] The captured video signal is analog and therefore 
includes no speci?c number of pixels per line, but audiovi 
sual capture logic 202 of capture node 102 samples the 
captured video signal 640 times during the display portion of 
each line to produce square pixels and a frame resolution of 
640x480 to match the knoWn frame aspect ratio of 4:3. The 
display portion of each line is that portion of the analog 
video signal representing luminance and/ or chrominance 
intended to be displayed, e.g., in a video monitor capable of 
displaying the analog YUV signals With NTSC timing 
characteristics. The blanked portions of each line of the 
signal are considered not displayable portions of the line and 
are ignored. 

[0060] Audiovisual capture logic 202 performs sampling 
using a conventional 4:2:2 method With one luminance and 
one color difference sample at each pixel. In this illustrative 
example, audiovisual capture logic 202 uses 8-bits to rep 
resent each luminance and chrominance value. The net data 
rate of the acquired signal in bits per second thus is the 
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product of 640 pixels/line times 240 lines/?eld times 59.94 
?elds/second times 8 bits/sample times 2 samples/pixeli 
147 Mb/second. In this illustrative example, the bandWidth 
of data connection 110 is 1 Gb/second, of Which approxi 
mately 90% is available for payload data. In this example, 
there are no bandWidth concerns since the data stream 
requires only 16% of the available payload bandWidth. 

[0061] This captured digital format, namely, each second 
including 59.94 ?elds of 240 lines of 640 pixels of YUV 
(4:2:2) data With 8 bits per sample, is the native interchange 
format in this illustrative example. While capture node 102 
receives an analog video YUV signal With NTSC timing 
characteristics, this digital format is the direct digital rep 
resentation of that analog signal and is therefore the repre 
sentation preferred by capture node 102. 

[0062] Capture node 102 includes an audiovisual signal 
converter 204 that receives the captured audiovisual signal 
from audiovisual capture logic 202 and performs any 
required conversion from the native interchange format to 
the selected interchange format. Such conversion can 
require changes to various parameters of the native inter 
change format, including frame siZe (i.e., the number of 
pixels per line and the number of lines per frame), frame 
rate, color depth, and aspect ratio, for example. Audiovisual 
signal converter 204 can also apply data rate reduction 
techniques to the audiovisual signal in a manner described 
more completely beloW. If the native interchange format is 
also the selected interchange format, audiovisual signal 
converter 204 merely passes the audiovisual signal on 
Without modi?cation. 

[0063] In one embodiment, audiovisual signal converter 
204 performs scaling operations to produce frame siZes and 
frame rates Within a continuous range. Thus, the particular 
video interchange formats supported by audiovisual signal 
converter 204 can be expressed as including ranges of 
characteristics. One example includes supported frame rates 
ranging from 1.0 to 100 frames per second. In an alternative 
embodiment, audiovisual signal converter 204 performs 
only very simple operations such as omitting every other 
pixel and every other scanline to reduce frame siZes by 
integer ratios such as 2:1, 3:1, etc. In such an alternative 
embodiment of audiovisual signal converter 204, supported 
video interchange formats are expressed as including indi 
vidual, discrete values of supported characteristics. One 
example includes supported frame siZes of only 640x480, 
320x240, and 160x120. 

[0064] Capture node 102 includes an audiovisual stream 
controller 206 that forms a series of digital data packets 
representing the audiovisual signal for delivery to display 
node 104. As used herein, a “packet” is any collection of 
data to be transported together and that includes data speci 
fying an intended destination. Details of the series of packets 
are described beloW. Audiovisual stream controller also 
interacts With display node 104 (FIG. 1) through data 
connection 110 to control the series of packets and to send 
the series of packets to display node 104. Capabilities 208 
identify the video interchange formats that are supported by 
capture node 102 by storing data identifying ranges of 
values and/or individual discrete values of various charac 
teristics of video interchange formats. In addition, capabili 
ties 208 identify any higher-level signal processing capa 
bilities of capture node 102 such as de-interlacing, for 
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example. The cooperation between audiovisual stream con 
troller 206 and display node 104 to agree upon a video 
interchange format and to effect transfer of the audiovisual 
signal in the video interchange format is described below. 

[0065] Display node 104 is shown in greater detail in FIG. 
3. Display node 104 includes an audiovisual stream control 
ler 302, an audiovisual signal converter 304, and display 
logic 306. Audiovisual stream controller 302 cooperates 
with audiovisual stream controller 206 of capture node 102 
to select an interchange format and to effect receipt of the 
audiovisual data stream through data connection 110. Audio 
visual stream controller 302 de-packetiZes and sends the 
received audiovisual data stream to audiovisual signal con 
verter 304, and audiovisual signal converter 304 converts 
the received audiovisual data stream into a form suitable for 
processing by display logic 306, i.e., the displayable inter 
change format. Such conversion can require reversal of any 
data rate reduction techniques applied by capture node 102 
and conversion of the received audiovisual signal from the 
selected video interchange format to the displayable inter 
change format, e.g., including modi?cation of such param 
eters as frame siZe, frame rate, color depth, and aspect ratio, 
for example. Audiovisual signal converter 304 can support 
ranges of values of various characteristics of the audiovisual 
data stream or can be limited to speci?c discrete values of 
such characteristics in the manner described above with 
respect to audiovisual signal converter 206. Such conversion 
is obviated if the selected interchange format is also the 
displayable interchange format. 

[0066] Display logic 306 drives the audiovisual signal in 
the displayable format to display device 108 for display. 
Such driving can require conversion of the digital audiovi 
sual signal in the displayable interchange format to an 
analog format including timing signals. The timing signals 
can be a re-creation of the timing signals from video source 
106 and removed by audiovisual capture logic 202 or can be 
different timing signals, depending on the nature of the 
displayable video format required by display device 108. 
This conversion from a digital video format to an analog 
video format can be much like that performed by video 
circuitry in personal computers. 

[0067] In addition, display logic 306 reconstructs an audio 
signal from the digitiZed audio portion of the audiovisual 
signal and synchroniZes playback of the audio signal accord 
ing to the timestamps included in the audiovisual signal as 
described above. 

[0068] Display node 104 includes capabilities 308 that 
represent the ranges and/or discrete values of various char 
acteristics of video interchange formats supported by audio 
visual signal converter 306 and used by audiovisual stream 
controller 302 to negotiate which video interchange format 
is to be used. Capabilities 308 also represent the displayable 
interchange format of display node 104, namely, the inter 
change format preferred by display node 104 and most often 
the interchange format most closely approximating the dis 
playable format required by display device 108. Capabilities 
308 can be static and established during initial con?guration 
of display node 104 or can be discovered, at least in part, 
from display device 108 using a conventional plug-and-play 
device discovery process such as the use of VESA’s DDC/ 
EDID (Display Data Channel/Extended Display Identi?ca 
tion Data) to obtain operational limits of a display device. 
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Display node 104 selects the best supported characteristics 
fie, video format and timingiof display device 108 that 
display node 104 can drive and selects a displayable inter 
change format according to those characteristics. In addi 
tion, capabilities 308 identify any higher-level signal pro 
cessing capabilities of display node 104 such as 
de-interlacing, for example. 

[0069] The interaction between capture node 102 (FIG. 1) 
and display node 104 is illustrated by transaction ?ow 
diagram 400 (FIG. 4). In step 402, capture node 102 and 
display node 104 detect the presence of each other through 
data connection 110. In this illustrative embodiment, data 
connection 110 is a 1000 BaseT connection, including 
CAT-5E cable and R145 connectors for convenience. Cap 
ture node 102 and display node 104 detect one another by 
both applying a signal to data connection 110 and detecting 
a signal from the other end of data connection 110. 

[0070] In step 404, capture node 102 and display node 104 
exchange information regarding the capabilities of each. For 
example, audiovisual stream controller 206 (FIG. 2) of 
capture node 102 sends data representing capabilities 208. 
Audiovisual stream controller 206 also sends data represent 
ing the native interchange format and data representing a 
?rmware version and/or creation date such that capture node 
102 and display node 104 can determine which, if either, has 
a newer negotiation protocol as implemented by each in 
steps 406A-B. Audiovisual stream controller 302 similarly 
sends data representing capabilities 308, the displayable 
interchange format, and data representing a ?rmware ver 
sion and/or creation date. 

[0071] In this embodiment, audiovisual stream controller 
302 sends data representing the displayable interchange 
format. Such enables capture node 102 and display node 104 
to negotiate an interchange format that preserves quality of 
the transmitted audiovisual signal without exceeding avail 
able bandwidth through data connection 110. The selection 
of an interchange format by audiovisual stream controllers 
206 and 302 is described more completely below. 

[0072] In steps 406A-B, capture node 102 and display 
node 104 independently and concurrently select a preferred 
interchange format according to capabilities 208 and 308, 
the native interchange format, and the displayable inter 
change format. Capture node 102 selects an interchange 
format preferred by capture node 102 in step 406A, and 
display node 104 selects an interchange format preferred by 
display node 104 in step 406B. 

[0073] The preferred interchange format is a format that is 
both producible by capture node 102 and displayable by 
display node 104 and that is optimiZed to provide a desired 
display quality without unnecessarily consuming, or exceed 
ing, available bandwidth of data connection 110. Brie?y 
stated, the preferred interchange format is the interchange 
format that delivers the most ?delity that the source signal 
(as represented by the native interchange format) offers or 
the display device can effectively use (as represented by the 
displayable interchange format) without exceeding band 
width limitations. 

[0074] The primary concern in selecting the interchange 
format is the preservation of the quality of the audiovisual 
signal to the greatest extent possible. To the extent any 
characteristic of the audiovisual signal is modi?ed to reduce 
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data rate (e.g., doWn-scaling the frame size), it is preferred 
that such conversion is performed by capture node 102. Such 
reduces the amount of data bandWidth required of data 
connection 110. Conversely, to the extent any characteristic 
of the audiovisual signal is modi?ed to increase data rate 
(e.g., up-scaling the frame siZe), it is preferred that such 
conversion is performed by display node 104. Such avoids 
excessive consumption of bandWidth through data connec 
tion 110. HoWever, it should be noted that, unlike most other 
systems, avoiding excessive consumption of bandWidth is 
not the primary concern. BandWidth is generally only a 
concern (i) if the audiovisual signal in the selected inter 
change format Would exceed available bandWidth or (ii) 
When selecting Which of capture node 102 and display node 
104 is to perform a particular component of digital signal 
processing. 
[0075] Thus, as a general rule, any required doWn-scaling 
is performed by capture node 102 and any required up 
scaling is performed by display node 104. One Way to 
implement this general rule is to limit characteristics of the 
interchange format to the lesser of the characteristics of the 
native and display interchange formats. By not exceeding 
characteristics of the native interchange format, any modi 
?cations of the audiovisual signal that increase the data rate 
of the audiovisual signal are performed by display node 104 
after the signal has been transported through data connection 
110, thereby avoiding unnecessary use of data bandWidth 
through data connection 110. By not exceeding character 
istics of the displayable interchange format, any modi?ca 
tions of the audiovisual signal that reduce the data rate of the 
audiovisual signal are performed by capture node 102, 
before the signal has been transported through data connec 
tion 110, thereby similarly avoiding unnecessary use of data 
bandWidth through data connection 110. 

[0076] Under some circumstances, some of Which are 
described beloW, the interchange format selected in the 
manner described above is estimated to exceed the available 
bandWidth of data connection 110, thereby likely to result in 
failure to successfully deliver the audiovisual signal through 
data connection 110. If the preferred interchange format is 
estimated to exceed available bandWidth of data connection 
110, the preferred interchange format is modi?ed by appli 
cation of data rate reduction techniques that are described in 
greater detail beloW. In this illustrative embodiment, the 
available bandWidth of data connection 110 for data payload 
is a predetermined proportion (e.g., 90%) of the total avail 
able bandWidth of data connection 110. For example, if data 
connection 110 is established at l gigabit per second, the 
available bandWidth of connection 110 to capture node 102 
and display node 104 is 900 megabits per second. 

[0077] In the example given above, the native interchange 
format represents a YUV signal With NTSC timing charac 
teristics and includes 59.94 ?elds of 240 lines of 640 pixels 
ofYUV (4:2:2) data With 8 bits per sample. Ifdisplay device 
108 is a standard de?nition television monitor and accepts 
an interlaced, YUV signal, then the displayable interchange 
format is identical to the native interchange format and, thus, 
also the selected interchange format. No additional signal 
processing Would enhance the ?delity of the audiovisual 
signal transported through capture node 102 and display 
node 104. 

[0078] If display device 108 is a progressive-scan com 
puter monitor With XGA native resolution (1024x768), then 

Oct. 26, 2006 

the displayable interchange formatithe format preferred by 
display node 104iis the format most accurately resembling 
the native display characteristics of an XGA computer 
monitor: 60 frames per second, each having 768 lines of 
1,024 pixels in 24-bit RGB representation. The audiovisual 
signal Will have to be converted to match the monitor’s 
characteristics by either capture node 102 or display node 
104; the data stream has to be converted (i) from an 
interlaced signal to a progressive scan signal, (ii) from YUV 
to RGB, and (iii) upscaled in frame siZe from 640x480 to 
1024x768. From a signal ?delity perspective, either capture 
node 102 or display node 104 can be con?gured to perform 
such conversions. From a conservation of bandWidth per 
spective, it Would make sense to do all these conversions at 
the destination, i.e., Within display node 104. In particular, 
the upscaling should be done by display node 104 and not 
capture node 102 since there is no advantage to doing the 
upscaling in capture node 102. De-interlacing and color 
space conversion can be performed by either capture node 
102 or display node 104. In one embodiment, interchange 
formats are all progressive scan and RGB since (i) most 
display devices (and all digital displays: LCD, plasma, 
LCoS, DLP) are natively progressive scan and RGB and (ii) 
many types of format conversioniframe siZe scaling and 
frame rate conversion in particulariare best performed on 
progressive scan video data. In an alternative embodiment, 
interlaced interchange formats are supported since de-inter 
lacing can be a fairly complex operation, involving motion 
detection and compensation in many implementations. In 
addition, de-interlacing by capture node 102 can double the 
amount of bandWidth of data connection 110 consumed by 
the audiovisual signal With no particular bene?t relative to 
performing de-interlacing Within display node 104 or fore 
going de-interlacing altogether if display device 108 dis 
plays an interlaced signal. 

[0079] De-interlacing doubles the data rate (going from 
29.97 to 59.94 frames/ second) and using 24-bit RGB 
increases the data rate by another 50%, so the resulting data 
rate in this illustrative example is noW 442 Mb/second, still 
Well Within available bandWidth. In addition, the complexity 
of de-interlacing and the signi?cance of the effect on overall 
signal quality is believed to be sufficient justi?cation for 
increasing the data rate Within capture node 102 if capture 
node 102 incorporates a superior implementation of de 
interlacing relative to that of display node 104. 

[0080] It should be appreciated that de-interlacing some 
times results in a reduction in data rate: if the video content 
originated as ?lm and is natively 24 frames/second, the 
de-interlacing process should detect that situation and the 
output Will be 24 unique frames/second. As an interlaced 
video signal, each frame Would be different from the pre 
ceding one (since each represents a different ?eld, either odd 
or even) and Would generally not be detected by simple 
redundancy avoidance techniques. HoWever, de-interlacing 
the frames Would make their redundancy apparent. Since 
there is no need to transmit identical frames, the 36 redun 
dant frames/second generated may be dropped. This hap 
pens automatically by application of redundancy elimination 
as implemented by capture node 102, as described more 
completely beloW. 

[0081] Returning to FIG. 4, step 406B is analogous to step 
406A and the folloWing description of step 406A is equally 
applicable to step 406B as performed by display node 104. 
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Step 406A is shown in greater detail in logic ?oW diagram 
406A (FIG. 5). Loop step 502 and next step 508 de?ne a 
loop in Which each of a number of various characteristics 
speci?ed in capabilities 208 and 308 are processed accord 
ing to step 504. Such characteristics include those listed 
above With respect to video and audio components of the 
interchange format. For each such characteristic, processing 
transfers from loop step 502 to step 504. 

[0082] In step 504, capture node 102 determines the value 
of the subject characteristic for the preferred interchange 
format. As described brie?y above, the preferred interchange 
format is the interchange format that delivers the most 
?delity that the native interchange format offers or the 
displayable interchange format can effectively use Without 
exceeding bandWidth limitations. In this illustrative embodi 
ment, bandWidth considerations are deferred until steps 
512-514, Which are described beloW. Thus, the immediate 
concern in step 504 is the particular value of the character 
istic that delivers the most ?delity that the native interchange 
format offers or the displayable interchange format can 
effectively use. 

[0083] This determination depends largely on the nature of 
the characteristic under consideration. Some characteristics 
are fairly straight forWard. For example, frame or ?eld siZe 
represents a number of scanlines and a number of pixels per 
scanline. The greatest ?delity of the native interchange 
format is a frame or ?eld siZe of exactly the same dimen 
sions. If the displayable interchange format is capable of 
including each and every pixel of each frame or ?eld of this 
siZe, the dimensions of the native interchange format are 
used for the preferred interchange format. Conversely, if the 
displayable interchange format cannot display all pixels of 
frames or ?elds of that siZe, the frame or ?eld siZe of the 
preferred interchange format is one that does not include 
pixels Which cannot be represented in the displayable inter 
change format. Speci?cally, if the frame siZe of the display 
able interchange format is smaller than the frame siZe of the 
native interchange format, the preferred interchange format 
uses the frame siZe of the displayable interchange format. 
Other straight forWard characteristics include such things as 
frame rates and color depth. 

[0084] Other characteristics are not so straight forWard. 
For example, the color model can be RGB or YCrCb, among 
others. If the native interchange format represents colors 
using the YCrCb model and the displayable interchange 
format represents colors using the RGB color model, the 
audiovisual signal undergoes color model conversion. HoW 
ever, it’s less clear Whether such color model conversion is 
best performed by capture node 102 or display node 104. 
This issue can be resolved in any of a number of Ways. For 
example, capabilities 208 and 308 can indicate that only 
display node 104 is capable of such color model conversion. 
In this case. the preferred interchange format represents 
pixels in the YCrCb color model since capture node 102 is 
not capable of converting the color model to RGB. One 
feature that tends to require signi?cant processing is de 
interlacing. For cost reduction, it is useful to implement 
de-interlacing in only one of capture node 102 and display 
node 104. Whether the preferred interchange format 
includes interlaced or progressive scan video depends upon 
the native interchange format, the displayable interchange 
format, and Which of node 102-104 can perform de-inter 
lacing. 
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[0085] These same principles of preserving the most ?del 
ity of the native interchange format to the extent the dis 
playable interchange format can effectively use that ?delity 
are applied across each characteristic of the preferred inter 
change format in the loop of steps 502-508. 

[0086] When all characteristics have been processed 
according to the loop of steps 502-508, processing according 
to the loop of steps 502-508 completes. At this point, capture 
node 102 has determined a preferred interchange format 
such that each selected characteristic is an optimum selec 
tion for preservation of audiovisual signal quality Without 
unnecessary use of bandWidth through data connection 110 
to represent data that can’t be effectively used by display 
node 104. 

[0087] After the loop of steps 502-508, processing accord 
ing to logic ?oW diagram 406A transfers to step 510. In step 
510, capture node 102 estimates the data rate associated With 
the selected interchange format selected according to the 
loop of steps 502-508. Data rate estimation can be as simple 
as the product of (i) the frame rate (frames per second), (ii) 
the resolution (pixels per frame), and (iii) the pixel depth 
(bits per pixel)iplus any data overhead such as timei 
stamps, frame-start, and scanline-start markers and packet 
data overhead. The result is an estimated data rate in bits per 
second. 

[0088] In test step 512, capture node 102 determines 
Whether the estimated data rate exceeds the available band 
Width through data connection 110. In this illustrative 
embodiment, data connection 110 is a 1000 BaseT connec 
tion and can support up to one gigabit per second data 
throughput. HoWever, actual available bandWidth through 
data connection 110 can be a bit less than one gigabit per 
second. 

[0089] In addition, the available bandWidth betWeen cap 
ture node 102 and display node 104 can be even less if 
display node 104 receives audiovisual data streams from 
multiple capture nodes in an alternative embodiment 
described more completely beloW. In such cases, display 
node 104 allocates a data rate to capture node 102 and 
reports that allocated data rate to capture node 102. 

[0090] If the estimated data rate of the selected inter 
change format exceeds the available throughput of data 
connection 110, processing transfers to step 514. In step 514, 
capture node 102 adjusts the constituent characteristics of 
the selected interchange format. In one embodiment, capture 
node 102 reduces the frame rate of the video interchange 
format by one-half to reduce the estimated data rate of the 
video interchange format. Of course, much more complex 
mechanisms can be used to reduce the data rate of the video 
interchange format. In an alternative embodiment, data rate 
reduction is accomplished according to a predetermined 
default policy that can be speci?ed according to the particu 
lar preferences of a given implementation. For example, 
image clarity may be paramount for a particular implemen 
tation and the default policy can prefer frame rate reduction 
over resolution reduction and lossy compression. In another 
implementation, smoothness of motion video may be para 
mount and the default policy can prefer resolution reduction 
and/or lossy compression over frame rate reduction. Other 
data rate reduction techniques can use lossless compression 
(e.g., run-length encoding) and frame-to-frame redundancy 
avoidance to reduce the data rate of the video interchange 
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format Without reducing quality of the transmitted audiovi 
sual signal and Without requiring particularly sophisticated 
logic in either capture node 102 or display node 104. These 
data rate reduction techniques are described more com 
pletely below. 

[0091] If, in test step 512, capture node 102 determines 
that the estimated bit-rate does not exceed the available 
bandWidth of sWitch 104, step 514 is skipped since bit-rate 
reduction is unnecessary. After steps 512-514, processing 
according to logic ?oW diagram 406A, and therefore step 
406A (FIG. 4) completes. 

[0092] After steps 406A-B, both capture node 102 and 
display node 104 have independently arrived at a preferred 
interchange format. In steps 408-410, capture node 102 and 
display node 104 negotiate to arrive at a consensus regarding 
the selected interchange format. While many different nego 
tiation techniques can be used to reach such a consensus, this 
particular mechanism su?ices. In step 408, capture node 104 
sends a proposed interchange format to display node 104. In 
step 410, display node 104 responds With either acceptance 
of the offered interchange format or rejection and a counter 
olfered interchange format if the offered interchange format 
is rejected. Display node 104 only rejects the proposed 
interchange format if (i) the proposed interchange format is 
different from the one selected by display node 104 in step 
406B and (ii) the ?rmWare versions and/or creation dates of 
nodes 102-104 indicate that display node 104 is a neWer 
version than capture node 102 and therefore implements a 
neWer, and therefore presumably preferable, version of 
interchange format selection. In an embodiment described 
more completely beloW, display node 104 implements a 
graphical user interface using an on-screen display of dis 
play device 108 by Which a user can specify preferences for 
data rate reduction. Such preferences can include, for 
example, preserving image clarity and color depth, perhaps 
at the expense of loss of smooth motion; preserving motion 
smoothness and color depth, perhaps at the expense of image 
clarity; and preserving image clarity and motion smooth 
ness, perhaps at the expense of color depth. In such embodi 
ments, it is preferred that display node 104 have ultimate 
authority over the selected interchange format to effect the 
user’s preferences. 

[0093] In this illustrative embodiment, capture node 102 
immediately responds by starting to send the audiovisual 
signal in step 412 according to the proposed interchange 
format if display node 104 accepted it in step 410 or 
according to the counter-offered interchange format if dis 
play node 104 responded in step 410 With a rejection. In an 
alternative embodiment, capture node 102 con?rms success 
ful receipt of, and agreement With, the counter-offered 
interchange format prior to step 412. 

[0094] In step 412, capture node 102 sends data packets 
representing the audiovisual signal in the selected inter 
change format. The data packets are formed by audiovisual 
stream controller 206. Despite all the variations of inter 
change formats that can be supported by capture node 102 
and display node 104, the variations have a number of 
characteristics in common. Each is essentially a series of 
frames or ?elds, each of Which includes an array of pixels. 
Typically, the video signal received by capture node 102 
contains horizontal and vertical blanking periods and has 
timing appropriate for the originally-intended display 
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device. For example, an NTSC tuner Would emit its video 
signal With appropriate pixel rate and horiZontal and vertical 
blanking periods to drive a standard NTSC monitor. In the 
context of the audiovisual interchange system described 
herein, this native timing is largely irrelevant since the video 
content, i.e., the pixels themselves, can be displayed on a 
display device With completely different timing character 
istics. Accordingly, the timing characteristics required by 
display device 108 are generated by display node 104. The 
interchange formats used in the interchange system 
described herein contain only pixels and end-of-line and 
end-of-frame/end-of-?eld markers. Since blanking periods 
of the video signal are omitted, the data rate required to 
represent the video signal is signi?cantly reduced. 

[0095] Audiovisual signal converter 204 (FIG. 2) of cap 
ture node 102 is shoWn in greater detail in FIG. 6. Audio 
visual signal converter 204 includes a frame re-formatter 
602 that receives digitiZed pixel lines from audiovisual 
capture logic 202. Audiovisual capture logic 202 captures a 
video signal and immediately converts the captured signal to 
a digital format, namely, the native format in the manner 
described above. As described above, audiovisual capture 
logic 202 captures an analog video signal With NTSC timing 
characteristics into a native interchange format Which 
includes 59.94 ?elds of 240 lines of 640 pixels for each 
second of the video portion of the audiovisual signal. Of 
course, in other embodiments, capture node 102 can capture 
video according to other formats With other characteristics. 

[0096] Frame re-formatter 602 re-formats the digitiZed 
pixel lines according to characteristics of the selected inter 
change format. Such re-formatting can include, for example, 
de-interlacing, frame siZe reduction by cropping and/or 
doWnscaling, color depth reduction, frame rate reduction, 
etc. Cropping can be used to remove a predetermined border 
of a feW scanlines at the top and bottom and a feW columns 
of pixels at either edge to remove noise, overscan, or any 
anomalies at the edges of the video image and to reduce 
slightly yet appreciably the amount of data required to 
represent the video signal. Cropping can also be used in 
conjunction With automatic letterbox detection to remove, 
thereby avoiding representation of, blank portions of the 
video signal. As described above, processing that reduces 
data rate is typically performed by capture node 102 While 
processing that increases data rate is typically performed by 
display node 104. In this illustrative embodiment, de-inter 
lacing is performed by capture n ode 102 despite the increase 
of data rate as a result of such de-interlacing. The result of 
processing by frame re-formatter 602 is a current frame 604 
that comports With the agreed-upon video interchange for 
mat. 

[0097] Some processing performed by frame re-formatter 
602 requires knoWledge of the contents of a prior frame. 
Such processing can include for example frame-to-frame 
redundancy removal and/or frame rate upscaling including 
interpolated frames. Upon completion of a neW current 
frame 604, the prior contents of current frame 604 are stored 
as previous frame 606. In an alternative embodiment, indi 
vidual scan lines are moved from current frame 604 to 
previous frame 606 upon completion to minimize latency 
since scan line packer 608, Which is described more com 
pletely beloW, processes individual scan lines. 

[0098] Audiovisual signal converter 204 includes scan 
line packer 608. Scan line packer 608 forms data packets 
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representing current frame 604 and sends such packets for 
inclusion in an outgoing bit-stream 612. While data rate 
reduction by reducing characteristics of the video inter 
change format, such as reducing frame rate, frame siZe, or 
color depth, is performed by frame re-formatter 602, scan 
line packer 608 implements other data rate reduction and 
redundancy removal techniques in forming the data packets. 
These techniques are described more completely beloW. 

[0099] Audiovisual signal converter 204 also includes a 
header packer 610 that forms data packets representing 
header information and includes those packets in outgoing 
bit-stream 612. In addition, audiovisual signal converter 204 
includes an audio packer 614 that forms audio frames for 
inclusion of audio content in outgoing bit-stream 612. 
Audiovisual signal converter 204 sends outgoing bit-stream 
612 to audiovisual stream controller 206, Which implements 
a data transfer protocol With audiovisual stream controller 
302 (FIG. 3) of display node 104 by Which the data packets 
of outgoing bit-stream 612 (FIG. 6) are communicated to 
display node 104. 

[0100] Outgoing bit-stream 612 is shoWn in greater detail 
in FIG. 7 and includes a frame header 702A, a number of 
scan line packets 704A-B, an audio frame packet 706A, 
another frame header 702B, and a number of scan line 
packets 704C corresponding to frame header 702B. Particu 
larly, each frame is represented by a frame header (e.g., 
frame header 702A) folloWed by a number of scan line 
packets (.e.g., scan line packets 704A-B) that correspond to 
the frame header. 

[0101] Audio frame packets (e.g., audio frame packet 
706A) are included in outgoing bit-stream 612 but don’t 
necessarily correspond to the current frame. There are a feW 
aspects of audio signals that require processing different 
from the processing of video signals. For example, While 
frames of a video signal can be added or dropped, playback 
of the audio portion of the audiovisual signal is preferably 
unbroken. Audio and video frames are therefore indepen 
dently time-stamped. Processing of video portions of the 
audiovisual signal is often signi?cantly more complex and/ 
or requires signi?cantly greater resources than processing of 
the audio portions of the same audiovisual signal. In addi 
tion, people naturally compensate for audio delayed relative 
to corresponding visual subject matter due to the relative 
speeds of sound and light. HoWever, visual subject matter 
delayed relative to corresponding audio is rather unnerving 
for a human vieWer/ listener. Accordingly, a delay is gener 
ally required in the audio portion of the audiovisual signal to 
avoid early playback of the audio portion relative to the 
video. portion. 

[0102] Frame header 702A is shoWn in greater detail in 
FIG. 8 and represents a particular frame of the audiovisual 
signal in the agreed-upon video interchange format. The 
particular frame is sometimes referred to as the subject 
frame in the context of FIGS. 8-9. Frame sequence ?eld 802 
represents a sequential number of the subject frame and 
assists display node 104 in the sequencing of frames and in 
associating subsequent scan line packets With the proper 
frame. Vertical-blank time stamp 804 represents a date and 
time at Which the subject frame Was captured and can assist 
With (i) proper timing of the presentation of the subject 
frame by display node 104, (ii) proper frame rate conversion 
by accurately reporting time intervals betWeen frames, and 
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(iii) synchronization of audio With the playback of the 
subject frame. Vertical-blank time stamp 804 can also be 
used to synchroniZe playback of multiple audiovisual signals 
captured simultaneously, particularly if the captured audio 
visual signals are captured and stored for later playback. 
Such storage of captured audiovisual signals is described 
more completely beloW. 

[0103] Frame type ?eld 806 identi?es the type of the 
subject frame: normal, compressed, or dropped. A dropped 
frame is represented by only a header Which identi?es the 
frame and indicates that the frame contents are not sent. The 
compression indicated in frame type ?eld 806 can indicate 
a type of compression including, for example, run-length 
encoding, redundancy elimination, etc. A normal frame is 
one Which is (i) present (not dropped) and (ii) not com 
pressed. 
[0104] Scan line 704A is shoWn in greater detail in FIG. 
9 and represents a particular line of pixels of the subject, i.e., 
the subject scan line. Frame sequence ?eld 902 identi?es the 
frame to Which scan line 704A belongs according to the 
frame’s sequence number as represented in frame sequence 
?eld 802 (FIG. 8). Line number ?eld 904 (FIG. 9) repre 
sents a sequence number of the subject scan line and 
speci?es the relative position of the subject scan line Within 
the subject frame. Data type ?eld 906 speci?es one of a 
number of formats of the pixel data as represented in data 
?eld 908. If data type ?eld 906 indicates that the pixel data 
is “raW,” data ?eld 908 stores an entire scan line of pixels 
represented in the format speci?ed in the selected inter 
change format, e.g., 24-bit color. If data type ?eld 906 
indicates a type of compression, such as run length encod 
ing, data ?eld 908 stores an entire scan line of pixels 
represented in the indicated compressed format. If data type 
?eld 906 indicates that the subject scan line has no change 
from the same scan line in the previous frame, data ?eld 908 
speci?es a number of scan lines for Which there is no change 
relative to the previous frame. Compression, e.g., run length 
encoding, and avoiding sending scan lines that are 
unchanged from the previous frame avoid redundancy and 
reduce the data rate of the audiovisual signal in the agreed 
upon video interchange format. 

[0105] Audio frame packet 706A includes a time stamp for 
proper correlating to the subject frame and the audio data 
itself. If audio frame packet 706A corresponds to a particular 
frame of the audiovisual signal, audio frame packet 706A 
can include a frame sequence number in addition to, or 
instead of, the timestamp. 
[0106] Audiovisual signal converter 204 sends outgoing 
bit-stream 612 to audiovisual stream controller 206 for 
transport to display node 104 through data connection 110. 
Audiovisual stream controller 206 transports outgoing bit 
stream 612 by: (i) forming packets of a preferred siZe from 
bit-stream 612, (ii) applying headers to the packets to 
include any required addressing information to direct deliv 
ery of the packets to display node 104, (iii) appending 
cyclical redundancy checks (CRCs) to the packets so that 
display node 104 can assess the accuracy and completeness 
of each packet, and (iv) metering the packets out at a pace 
Which can be properly handled by display node 104 and any 
intermediate netWork devices such as a sWitch 1102 (FIG. 

11). 
[0107] In this illustrative embodiment, audiovisual stream 
controller 206 forms packets of a preferred siZe Which is 
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equal to one-half of the capacity of a bit-stream receiving 
buffer of display node 104 or any intermediate network 
devices such as sWitch 1102 (FIG. 11). An embodiment 
Which includes a sWitch such as sWitch 1102 is described 
more completely beloW. 

[0108] Capture node 102 can possess information regard 
ing the smallest buffer between capture node 102 and display 
node 104 in a number of Ways. Display node 104 can be 
con?gured to report a receiving buffer size as part of 
capabilities 308 (FIG. 3). A minimum buffer size, e.g., l6 
kilobytes (kB), can be speci?ed as a prerequisite for any 
netWork device coupled betWeen capture node 102 and 
display node 104. Thus, the minimum buffer size Would be 
the lesser of the predetermined prerequisite buffer siZe, e.g., 
16 kB, or the buffer siZe of display node 104. To form 
packets of the preferred siZe, audiovisual stream controller 
206 collects enough of outgoing bit-stream 612 to ?ll the 
payload of a packet of the preferred siZe, aggregating small 
data records or dividing large data records as necessary, and 
includes the headers and CRCs described above. 

[0109] To avoid overWhelming bulfers at display node 104 
or any intermediate netWork devices betWeen capture node 
102 and display node 104, audiovisual stream controller 206 
meters transmission of the packets, i.e., limits the rate of 
transmission of the packets. Speci?cally, audiovisual stream 
controller 206 determines a time interval at Which packets of 
outgoing bit-stream 612 are to be transmitted. To determine 
this time interval, audiovisual stream controller 206 divides 
the preferred packet siZe by the available bandWidth 
betWeen capture node 102 and display node 104 to arrive at 
a packet interval. 

[0110] As described above, the available bandWidth is a 
predetermined proportion of the connection speed in this 
illustrative embodiment. In addition, portions of the avail 
able bandWidth can be allocated to multiple audiovisual data 
streams, reducing further the amount of bandWidth allocated 
to outgoing bit-stream 612. For example, video from tWo 
separate capture nodes can be sent through sWitch 1102 to a 
single display node. BandWidth allocated to each of the 
capture nodes is limited in that their sum must be Within the 
total bandWidth available to the display node. Buffers Within 
sWitch 1102 have a ?nite siZe and, if both capture nodes 
transmit at full bandWidth for even a brief burst, the buffers 
for data to be sent to the display node can be overWhelmed, 
resulting in loss of a portion of either or both video signals. 
Therefore, it is important that each capture node limits the 
rate of sending its video signal to avoid the possibility of 
exceeding, even momentarily, the available bandWidth to the 
display node. 

[0111] In this example, for a given capture node, e.g., 
capture node 102, We have an available bandWidth of 0.6 
gigabits (Gb) per second and a packet siZe of 4 kilobits (kb). 
Thus, the packet transmission interval is about 5.7 micro 
seconds, during 4.0 microseconds of Which capture node 
102 can transmit data and during 1.7 microseconds of Which 
capture node 102 Waits. It is not necessary that the 4.0 
microseconds of transmission or the 1.7 microseconds of 
Waiting are contiguous. It is also not necessary that the 
respective periods are evenly distributed Within the 5.7 
microsecond packet transmission interval. What is important 
is that the ratio of transmission time to Wait time of 4.0:l.7 
is maintained Within any 5.7-microsecond interval. 
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[0112] To meter the packets, audiovisual stream controller 
206 initiates transmission of a 4 kb packet every 5.7 micro 
seconds. In doing so, audiovisual stream controller 206 
avoids exceeding the available bandWidth, even for short 
bursts Which might over?oW buffers in display node 104 or 
in intermediate netWork devices betWeen capture node 102 
and display node 104. 

[0113] The metered packets of audiovisual stream control 
ler 206 form a packet stream 210 that is received by 
audiovisual stream controller 302 (FIG. 3). Audiovisual 
stream controller 302 checks for accuracy and completeness 
of the packetiZed data using the CRCs included by audio 
visual stream controller 206 (FIG. 2) and reconstructs 
bit-stream 612 (FIG. 6) as incoming bit-stream 1002 (FIG. 
10) and sends incoming bit-stream 1002 to audiovisual 
signal converter 304. Scan line parser 1004 of audiovisual 
signal converter 302 receives incoming bit-stream 1002 and 
reconstructs frames from incoming bit-stream 1002, storing 
the currently received frame as current frame 1006 and 
moving a previously received frame to previous frame 1008. 
Scan line parser 1004 reverses any compression and/or 
redundancy elimination performed by scan line packer 608 
(FIG. 6). For example, in this illustrative embodiment scan 
line parser 1004 performs the reverse of any compression 
represented in data type ?eld 906, and if data ?eld 906 
indicates no change in one or more scan lines, scan line 
parser 1004 re-uses those scan lines from previous frame 
1008. 

[0114] Once reconstructed by scan line parser 1004, cur 
rent frame 1006 is re-formatted by frame re-formatter 1010. 
Speci?cally, frame re-formatter 1010 forms frames of the 
displayable interchange format from frames of the selected 
interchange format. Such can include changes in frame siZe, 
frame rate, color depth, etc. Frame re-formatter 1010, in 
increasing the frame rate from that of the video interchange 
format to that of the displayable format, can use current 
frame 1006 and previous frame 1008 for frame interpolation. 

[0115] Frame re-formatter 1010 sends frames of the siZe, 
rate, color depth, etc. of the displayable interchange format 
to display logic 306 (FIG. 3), and display logic 306 adds the 
necessary blanking signals and timing characteristics to 
create the displayable format expected by display device 
108. 

[0116] Audio packets of incoming bit-stream 1002 are 
received by audio parser 1012 and audio parser 1012 sends 
the received audio to display logic 306 for inclusion in the 
displayable audiovisual format. 

[0117] A particularly useful advantage of using data pack 
ets to move audiovisual signals from a video source to a 

display device is the availability of a digital sWitch, e.g., 
sWitch 1102 (FIG. 11), to route audiovisual signals from 
multiple video sources 106 and 106B-C to multiple display 
devices 108 and 108B. Packet sWitching is Well-knoWn and 
is not described in detail herein. SWitches such as sWitch 
1102 are capable of routing data packets from any of nodes 
102, 102B-C, 104, and 104B to any other of nodes 102, 
102B-C, 104, and 104B. 

[0118] In the embodiment of FIG. 11, the data packets 
described above are merely addressed to the intended des 
tination, e.g., display node 104. Such packets can also be 
addressed to both display nodes 104 and 104B, thereby 
















